This article reports on an investigation of graphophonological processes in deaf readers of French over a 1-year period. Deaf readers are known to have a phonological deficit compared to hearing peers, and conclusions from studies on this question are often conflicting. Among the different types of phonological processing, we can identify graphophonological processes based on correspondences between the oral and the written language. In this investigation, we evaluated graphophonemic and graphosyllabic processes using, in each case, two different tasks varying in their degree of cognitive constraints (CC2 vs. CC1). Nineteen 11 year-old deaf students were compared to younger normal readers of the same reading level (RA, n 5 17) and to normal readers of the same age (CA, n 5 20). Two variables were considered in the analyses: accuracy and response latency. Results show that deaf readers do process written items at the graphophonological level and that graphophonological processes are related to reading ability. Also, results indicate main effects of task (CC2 vs. CC1), time (T1 vs. T2), and group. In general, deaf participants' performances are comparable to those of RA and differ from those of CA. Results are discussed within the framework of the study of phonology in deaf readers and its relation to reading acquisition.
Following on results found in hearing readers, several studies in deafness have investigated the role of phonological processes and their relation to reading abilities. Results are not clear-cut. In their metaanalysis, Mayberry, del Giudice, and Lieberman (2011) reviewed a large number of studies related to this question and found that about half of them pleaded in favor of phonological processing in deaf participants. The objective of the present study is to contribute to this research area by questioning the longitudinal effect of the constraints attached to tasks in graphophonological processes. To our knowledge, this topic has not been addressed in work focused on the study of phonological processing in deaf readers.
Studies investigating beginning reading acquisition in hearing readers have reached two main conclusions that are not mutually exclusive: word recognition is founded on phonological awareness abilities (e.g., Adam, 1990; Anthony & Lonigan, 2004; Caravolas & Landerl, 2010; Demont & Gombert, 2007; Gombert, 1992; Jongejan, Verhoeven, & Siegel, 2007 , Plaza & Cohen, 2003 Siegel, 2003; Snowling, 2000; Vellutino, Fletcher, Snowling, & Scanlon, 2004; Wagner, Torgesen, & Rashotte, 1994; Whitehurst & Lonigan, 1998; Ziegler & Goswami, 2005 ) and specific orthographic segments (e.g., graphemes [i.e., a letter or a group of letters corresponding to a phoneme] or syllables) constitute reading units (e.g., Colé, Magnan, & Grainger, 1999; Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Doignon & Zagar, 2006; Duncan & Seymour, 2003; Ferrand, Segui, & Grainger, 1996; Maïonchi-Pino, Magnan, & Ecalle, 2010; Prinzmetal, Hoffman, & Vest, 1991; Sprenger-Charolles & Siegel, 1997; Rastle & Coltheart, 1998; Rey, Jacobs, SchmidtWeigand, & Ziegler, 1998; Rey, Ziegler, & Jacobs, 2000; Taft & Radeau, 1995) .
Phonological processing has been at the center of an important body of research in the deaf population, based on its role in hearing readers (see reviews by Corcoran Nielsen & Luetke-Stahlman, 2002; Musselman, 2000; Schirmer & McGough, 2005) . Findings from studies *Correspondence should be sent to Daniel Daigle, Département de didactique, Université de Montréal, CP 6128, Succursale Centre-ville, Montréal, Québec, 1992; Lecocq, 1991; Lefranc xois & Armand, 2003; Yopp, 1988) . More specifically, a more explicit task would necessitate more cognitive energy caused by explicit instructions and/or additional constraints required to do the task. However, these tasks do not directly tap into operations involved in written word processing. It is important to make the distinction between phonological awareness processes and graphophonological processes (Hagiliassis, Pratt, & Johnston, 2006; Kirby, Desrochers, Roth, & Lai, 2008) because it is only in graphophonological processes that written words or pseudowords are analyzed.
There are relatively few studies aimed at the investigation of graphophonological processes in deaf readers, whether at the grapheme or the syllable level, compared to those studying phonological awareness. Graphophonemic processes have been studied through a protocol based on a homophonic effect. In order to determine whether a sequence of letters is a homophone of a word, one needs to analyze the item at the graphemic level and make grapheme-phoneme correspondences. Dyer et al. (2003) , Narr (2008) , Sterne and Goswami (2000) , Transler, Gombert, and Leybaert (2001) as well as Transler and Reitsma (2005) used such a protocol. In all cases, results plead in favor of the presence of phonological processing in deaf readers, even if the homophonic effect is not as great as in hearing controls. In Daigle and Armand (2008) , Dyer et al. (2003) , and in Narr (2008) , accuracy on tasks was related to reading proficiency. Graphosyllabic processes have also been studied within the illusory conjunctions protocol (Olson & Nickerson, 2001) or with a similarity judgment task based on the syllabic written structures of pseudowords (Daigle & Armand, 2008; Transler et al., 2001) . In these last studies, results indicate that syllables are perceived as reading units, but deaf participants are less accurate than their hearing peers. Results are related to reading abilities in Daigle and Armand (2008) but are not in Olson and Nickerson (2001) .
Studying graphophonological processes is important, especially for those whose preferred communication is a sign language. For them, the activation of oral language representations may be impaired, and they may rely more heavily on written material. Certain consideration must, however, guide studies, especially if they are carried out in special populations such as with deaf children.
First, it seems important to create tasks that will really target the graphophonological processes under investigation. One wants to ensure that participants truly process items at one level only, whatever the unit involved is.
Second, it appears pertinent to evaluate more than one process, for example, graphophonemic and graphosyllabic processes. Considering that much emphasis is put on grapheme-phoneme correspondences in reading instruction, even in deaf education, one could predict that graphophonemic processes would be mastered earlier than graphosyllabic processes.
Third, results from previous studies make the case for the relevance of considering accuracy and response latency as variables. This has rarely been the case in deaf studies. For Sprenger-Charolles and Serniclaes (2003) , in order to better comprehend results of a study, success rates are not sufficient, and reaction time must also be considered in the interpretation of the results. Within the context of a longitudinal study, progress could be observed, for example, on response latency, without any significant change in success rate. Such a result should also be considered as a sign of improvement in performance. Taking both variables into consideration may nuance results. There is the possibility, for example, that less proficient readers progress both on accuracy and response time, whereas more proficient readers show progress on response latency only.
Fourth, when studying disabled readers, it is important to use two control groups. For Casalis (2003) , in order to define whether readers have a delay or a deviant developmental path, it is important to compare them with two groups of normal readers. In the case of deaf readers, if their performance is weaker than that of normal readers of the same age but comparable to that of younger readers at the same reading level, they could be considered delayed. However, if their performance falls behind that of both groups, then the presence of a deviant path would have to be considered. This would have implications not only for research but also for remedial measures to be implemented to help deaf children, as for example, the design of training programs focusing on specific compensatory processes.
Lastly, taking into consideration studies of phonological awareness that have shown differences between task requirements (Bialystok, 2001; Gombert, 1992; Lecocq, 1991; Yopp, 1988) , readers could be expected to process the graphemic or the syllabic structures of written items with more ease when fewer constraints are attached to the tasks. Studies of graphophonological processes (in hearing or deaf) have used tasks that did not explicitly ask participants to manipulate the written (graphemic or syllabic) structure of items. For example, homophonic protocols or the similarity judgment paradigm do not explicitly ask participants to process the written units corresponding to the oral phonological structure of words, even though that is what is expected from them.
In our longitudinal study of graphophonological processes in deaf readers, besides main effects of group of participants, time of data collection, and type of task, we also expect interaction between variables. Indeed, because of the persistent phonological deficit acknowledged in deaf readers, we expect them to show less improvement over time than control groups, especially in tasks that are more demanding.
The Study
Falling within the framework of research addressing the role of phonological processing, this study more specifically investigates graphophonological processes in deaf readers. Our interest is to study graphophonemic and graphosyllabic processes over a 1-year period in deaf readers compared to a group of equivalent reading-age younger hearing peers (RA) and a group of hearing readers matched on chronological age (CA) using tasks varying in their level of cognitive constraint (Bialystok, 2001) . For each type of graphophonological processes based, respectively, on the analysis of the graphemic or the syllabic structure of written items, two tasks varying in complexity were used. In the awareness2 tasks, participants were not required to explicitly process the written units. In the awareness1 tasks, instruction forced participants to process the written units under study.
Participants
Deaf participants (DF, n 5 19) were all registered in the francophone school system in Quebec (Canada). All were enrolled in special education classes, most of which offered a bilingual approach. Participants were severely or profoundly deaf students (hearing loss of at least 70 db in the better ear) without any additional handicap diagnosed at the moment of recruitment. All deaf participants used Quebec Sign Language (LSQ) as their main communication mode. The language at home varied from one child to another (some used LSQ , some used simultaneous communication [oral and signs] , some used oral only, and some used a pidgin). A few children wore and used hearing aids, many did not use them, and two children had cochlear implants (that were not fully functional according to school practitioners). Deaf children were matched on reading ability (K-ABC reading comprehension subtest, Kaufman & Kaufman, 1993) to 17 younger hearing readers (RA) and to 20 hearing readers of the same chronological age (CA). RA and CA participants had French as a first language, were all educated in the francophone school system, and came from the Montreal area. All were normally developing children in terms of reading acquisition. All participants received parental approval before testing, and all were within norms concerning general cognitive abilities tested by Raven's matrices (Raven, 1998) , and no significant difference was found between groups. Graphophonemic tasks. Two computerized experimental tasks were created. One task tapped less explicit processing (graphophonemic awareness2 task [GP2]) and one task required participants to process graphemic units more explicitly (graphophonemic awareness1 task [GP1]). In both cases, the material was composed of pseudowords to make sure that the written material was processed at a sublexical level and to control for lexical knowledge that could potentially vary from one population to another.
The GP2 task (see Table 1A ) is inspired by Transler et al. (1999) and was used in previous work (Daigle, Ammar, Bastien, & Berthiaume, 2010a; Daigle & Armand, 2008) . This task is a similarity judgment task requiring participants to determine which of two items (*tauponir 3 or teuponir) most resembles a target item (toponir). The instructions did not ask participants to explicitly process the graphemic structure of items, but no other processes could lead to expected answers. In the example, participants must segment items at the graphemic level, activate a phonological representation for each grapheme, and find the item that is homophone of the target (/o/ and /au/ are homophones). The task was composed of 36 triplets of pseudowords. In half of the cases, an analysis of consonants was required, in the other half an analysis of vowels was required. Comparison items had the same number of letters and orthographical resemblance was controlled for. The target item was always in the center at the top part of the screen. Comparison items (response choices) were placed in the lower part of the screen, one on the left, one on the right. In half of the cases, the expected answer was the item on the left, in the other half, it was on the right. All trials were randomized. Previously used in adult deaf readers (Daigle et al., 2010a) , the GP1 task (see Table 1B ) is a task asking participants to determine which of four items is the odd one. This task requires participants to pick the item out of four pseudowords that starts with a different sound (*calime-cirone-cépale-sanire). As opposed to the GP2 task, this task requires participants to segment the first grapheme of each item and compare the isolated graphemes in order to find the item that does not sound the same. One other constraint attached to this task relates to the fact that four items, instead of three as in the GP2 task, need to be processed. This increased processing workload is thought to alter success rate and/or response latency. Forty quadruplet trials were created. All required analysis of consonants. Items of one quadruplet shared the same number of letters and phonological and orthographical resemblances were controlled for. Only the phonological value of the first grapheme allowed participants to choose the expected item. For each quadruplet, items were placed side by side. The expected answers were equal for all four answer positions. All trials were randomized.
Graphosyllabic tasks. In French, liquid consonants may be used alone or be followed by another consonant. Liquids can constitute a single coda of a first syllable (r in marteau [hammer]), or they can be preceded by another consonant to create a complex onset of a second syllable (r in patron [boss]). Thus, except for double liquids, the orthographic environment of the liquid consonant determines the syllable to which it belongs and whether or not the two consonants are part of the same syllable (the letters rt in mar/teau are not part of the same syllable, but the letters tr in pa/ tron are). Expectations are those defined for the entire study as presented earlier.
Two computerized graphosyllabic tasks were used, one graphosyllabic awareness2 task (GS2) and one graphosyllabic awareness1 task (GS1). Tasks were designed following the same principles described in Experiment 1. In both cases, the material was also composed of pseudowords.
Inspired by Transler et al. (1999) , the GS2 task is a similarity judgment task similar to the task used in other studies (e.g., Daigle, Ammar, Bastien, Berthiaume, & Besse, 2010b; Daigle, & Armand, 2008) . This task requires participants to select from two comparison pseudowords the one that most resembles a target pseudoword. The instructions given to participants (e.g., which of carbi or *cabri most resembles capli) do not require explicit processing of the syllable structure of the items to be read. However, only the syllabic structure can lead to the selection of the expected item. In the example above, participants cannot rely on graphophonemic processes or on orthographic processes to find the expected answer. They need to segment the items into syllables, CVC-CV versus CV-CCV, activate the phonological representation of each syllable, and find the item that shares the same structure at the phonological level with the target item. The experimental material was made up of 40 triplets of pseudowords (see Table 1C ). Pseudowords of the same triplet had the same number of letters and syllables. Half of the target items followed a liquidconsonant structure (L/C-morpa) and the other half a consonant-liquid structure (/CL-mapli). The target item was always placed in the centre of the upper third of the computer screen. The two comparison items were placed in the lower third of the screen, one on the left and one on the right. The position of the expected items was randomly selected, but half of the correct answers corresponded to the left item and half to the right item. All trials were randomized.
In the GS1 task, participants had to locate the odd item out of four items (see Table 1D ). This task had previously been used with adult deaf readers (Daigle et al., 2010b ). This type of task is frequently used in phonological awareness studies. In this task, participants are asked to select the item that starts with a syllable of a different structure in comparison to the other items (e.g., baflo*-barto-balpé-barfi). All first syllables have the two first letters in common. In contrast to the GS2 task, the instruction (Which item begins with a different syllabic structure?) and the orthographical similarities between first syllables in each trial required participants to manipulate explicitly the syllabic structure of the items read. As opposed to the GS2 task, four items needed to be analyzed, increasing the constraint attached to this task. The experimental material was made up of 40 trials. Pseudowords in each trial had an equal number of letters and syllables. Items in each trial were controlled for phonological and orthographical similarities. Half of the trials targeted an L/C structure and half a /CL structure. All four items were always located in the middle of the computer screen, one beside the other in a row. The position of the expected answer was randomly chosen, but in total, an equal number of expected answers was ensured for each of the four possible positions. All trials were randomized.
Procedures
All participants were tested 2 years in a row, during the winter. The data collection involved more than the tasks reported here, allowing testing on different days for the awareness2 and the awareness1 tasks. Instructions were given in participants' preferred communication mode (LSQ or French) .
Both experimental tasks were computerized with the LEA software (Bastien, 2002) . This software allows automatic recording of success rates and response times. Participants were met individually in a quiet room, and tasks were presented on a portable computer. For each tasks, they were told to be as fast as possible in making their responses. For the GP2 and the GS2 tasks, participants were told they would see one pseudoword in the top of the screen and two at the bottom. After reading the three items, they were to select the item at the bottom of the screen that most resembled the one at the top of the screen. To answer, participants had to press one of two predefined keys on the keyboard. For the GP1 and the GS1 tasks, we made sure that participants knew what we meant by ''sound'' or ''syllabic structure of written items.'' Explicit explanations and examples were given. Participants were told they would see four pseudowords on the screen and were asked to choose the item that started with a different sound or has a different syllabic structure, according to the targeted unit under investigation. To answer, participants had to press one of four predefined keys on the keyboard. The location of the keys respected the visual order of the four items.
For all tasks, trials always maintained the same presentation. Items of each trial appeared at once and stayed on the screen until either the participants answered or for a maximum of 10,000 ms. The series XXXX then appeared and remained on the screen for 1,000 ms, followed by another trial. The experimental material was grouped into five trials, and an unlimited pause was planned between each group of trials. The participants controlled the length of the pause by pressing the spacebar. Each task started with five practice trials.
Statistical procedures were as follows. First, considering the limited response choices, success rates were tested with Student's t test in order to verify that results were not due to chance. Second, correlations (Pearson) between task accuracy and reading abilities were calculated. Third, to verify expectations, ANOVAs were run with accuracy scores and response latency of correct responses as dependent variables. ANOVAs were always conducted the same way with two within-subject factors corresponding to time of data collection (Time 1, Time 2) and task (GP2, GP1) and one between-subjects factor, participant group (DF, RA, CA), followed if necessary by post hoc pairwise comparisons. When a significant interaction was found, local analyses were done after fixing alternately the other factor (or factors), using Bonferroni correction with a significant threshold at 5%. Analyses were done with SPSS, version 19. The fact that in the GP2 and the GS2 tasks, participants had to choose between two possible answers and in the GP1 and the GS1 tasks among four possible answers was not considered a problem for comparing success rates because this was one way to increase the constraint in addition to the specific instructions linked to each task. However, the comparison of response latency was not directly possible because participants had to read three items in the awareness2 tasks and four items in the awareness1 tasks. To allow comparisons, analyses were done on adapted response latency, where response times for correct answers were divided by three in the awareness2 tasks and by four in the awareness1 tasks.
Results

Analysis of Success Rates
First, we estimated whether results (see Table 2 ) were significantly different from chance (50% for the awareness2 tasks, 25% for the awareness1 tasks) using Student's t-test. In all cases but two, results were significantly different from chance (p , .05). Only deaf participants responded at chance at Time 1 in the GP1 task and RA participants in the GS1 task also at Time 1.
Second, we conducted correlation analyses to determine if results on each task were related to reading ability. In relation to graphophonemic processes, correlation analyses indicated, for deaf readers, that the GP2 task was correlated to reading abilities at Time 1, r 5 .580, p , .01, and that the GP1 task was correlated to reading at Time 2, r 5 .626, p , .01; correlations were not done at Time 1 because accuracy was at chance. In RA, GP2 was correlated with reading at Time 2, r 5 .740, p , .01, and GP1 at both times, r 5 .788, p , .001 and r 5 .763, p , .001. As for results on graphosyllabic tasks, correlation analyses indicated in DF and RA that the GS2 task was not correlated to reading abilities at Time 1 or Time 2, but the GS1 task was at both times, r 5 .559, p , .05 and r 5 .458, p , .05 for DF; r 5 .520, p , .05 and r 5 .567, p , .05 for RA. No correlation was found in CA due to ceiling results in the reading measure. As in phonological awareness studies, graphophonological processes are related to reading performances, especially in the case of more demanding tasks showing the importance of explicit processes. They constitute strategies that help word recognition development, which, in turn, favors improvement in reading comprehension.
We then conducted different ANOVAs to determine eventual effects of group, time and task. On graphophonemic tasks, the ANOVA for accuracy indicated a main effect of group, F(2,53) 5 15.59, p , .001, a main effect of time, F(1,53) 5 20.81, p , .001, and a main effect of task, F(1,53) 5 110.88, p , .001. No interactions were found between group and time, F(2,53) 5 1.87, p 5 ns, between time and task, F(1,53) 5 0.19, p 5 ns, or between the three variables, F(2,53) 5 2.85, p 5 ns. However, we observed an interaction between group and task, F(2,53) 5 7.54, p , .01. Even if the GP2 task showed greater accuracy than the GP1 task in all groups (p , .01 in all cases), local analyses revealed that on the GP2 task, DF obtained comparable scores compared to RA, but performed less well than CA (p , .05). However, RA did not differ from CA. In the GP1 task, similarly DF and RA had equivalent scores and DF were less accurate than CA (p , .001). RA were also less accurate than CA in this task (p , .01).
On graphosyllabic tasks, results of the ANOVA for accuracy indicated a main effect of group, F(2,53) 5 12.24, p , .001, a main effect of time, F(1,53) 5 20.98, p , .001, and a main effect of task, F(1,53) 5 43.34, p , .001. No interaction was found between group and time, F(2,53) 5 0.488, p 5 ns, between time and task, F(1,53) 5 1.360, p 5 ns, or between the three variables, F(2,53) 5 0.846, p 5 ns. However, we observed an interaction between group and task, F(2,53) 5 4.68, p , .05. Local analyses revealed that in the GS2 task, DF obtained equivalent scores compared to RA and CA, although RA obtained lower scores than CA (p , .01). In the GS1 task, DF and RA, who were not significantly different, performed less well than CA (p , .01 and p , .001, respectively). Also, for DF and RA, accuracy is greater in the GS2 task than in the GS1 task (p , .001 in both cases). For CA, difference in success rate does not differ between tasks. Finally, whatever the group or task, results were higher at Time 2 than at Time 1 (p , .001).
Analysis of Response Latency
First, as stated earlier, response times were transformed in order to be comparable due to the unequal number of items to be read in the two tasks. In the GP2 task, pairwise comparisons indicated, at Time 1, that DF were faster than RA (p , .01), but slower than CA (p , .05), and RA were also slower than CA (p , .001). At Time 2, however, DF's response latency was not different from that of RA or CA, indicating that the deaf improved in response latency compared to CA, but not as much as RA who were similar to DF at Time 2. In the GP1 task, DF were faster than RA at Time 2 only (p , .001) but obtained equivalent latencies to CA at both times. RA were slower than CA at Time 1 and Time 2 (p , .001 for both). To determine the effect of task, local analyses indicated that DF and RA had similar response latencies in both tasks at Time 1, but responded faster in the GP2 task, compared to the GP1 task, at Time 2 (p , .05 and p , .01, respectively). CA were faster in the GP2 task at both times (p , .001 in both cases). Finally, results of differences in response latencies over time indicated for DF a reduction in response latencies in GP2 and GP1 task (p , .05 and p , .01, respectively). In RA participants, this was the case only in the GP2 task (p , .001) and in CA only in the GP1 task (p , .01).
For graphosyllabic processes, the ANOVA for response latency showed a main effect of group, F(2,53) 5 16.34, p , .001, a main effect of time, F(1,53) 5 20.68, p , .001, and a main effect of task, F(1,53) 5 9.11, p , .01. No interaction was found between group and time, F(2,53) 5 0.20, p 5 ns, between time and task, F(1,53) 5 3.49, p 5 ns, or between the three variables, F(2,53) 5 0.41, p 5 ns. However, we observed an interaction between group and task, F(2,53) 5 4.94, p , .05. Whatever the task, DF were faster than RA (p , .01 for both tasks) but did not differ from CA. The analyses also indicated that differences in response latency between the tasks were not observed in DF and RA; however, CA were faster in the GS2 task than in the GS1 task (p , .001). For all groups and on both tasks, response latencies were higher in the GS1 task than in the GS2 task.
Discussion
In order to investigate phonological processing in deaf readers, we developed a methodology inspired by research in the field of phonological awareness in order to study graphophonological processes. Indeed, prior work brought evidence for differences in performance according to the processing load required by tasks (Lecocq, 1991; Lefranc xois & Armand, 2003; Yopp, 1988) . More demanding tasks are generally better indicators of reading abilities. Following others, we also considered longitudinal data to better explain the relationship between phonological processing and reading (Colin et al., 2007; Harris & Beech, 1998; Kyle & Harris, 2010 . In addition, to better 1233.33 (252.49) understand whether the acknowledged phonological deficit is a matter of delay or deviant developmental path, we chose to have two control groups to compare deaf participants (Casalis, 2003; Griffiths & Snowling, 2001) . Finally, as opposed to several study in deafness, we took into consideration two possible markers of improvement: accuracy and response latency (Sprenger-Charolles & Sernicleas, 2003) . Because of those methodological choices, it was evident that results could not be clear-cut, and interaction between variables would color results. Indeed, choosing to obtain longitudinal data with tasks that were not expected to create similar patterns of results in populations who typically behave differently made this study challenging, yet interesting. Findings obtained in this study allow us to answer questions, at least partially, often raised in studies of phonological processing in deaf populations and contribute to the pertinence of considering some methodological choices such as the level of constraint attached to phonological tasks.
For both type of graphophonological processes (graphophonemic and graphosyllabic processes) investigated in this study, we were expecting main effects of participant group, of task, and of time of data collection. We were expecting that tasks involving a higher level of constraint would cause lower accuracy and longer response latency and that this effect would be more pronounced in deaf participants because of the phonological deficit often acknowledged in this population (e.g., Alegria & Lechat, 2005; Colin et al., 2007; Dyer et al., 2003; Kyle & Harris, 2006 Narr, 2008; Spencer & Tomblin, 2008; Transler & Reitsma, 2005) . Finally, considering that phonological processing has also not been acknowledged in several studies (Mayberry et al., 2011) but, at the same time, that more demanding tasks are better indicators of reading abilities, we thought that the issue of an absence of a relationship between phonological processing and reading in deaf readers could perhaps be solved by varying tasks according to the level of explicitness activated. Indeed, most studies in deafness, especially those aimed at investigating graphophonological processes, have not used tasks that really require explicit processes to be activated. Consequently, we believed that more demanding tasks (GP1 and GS1 in this study) would be more often correlated to reading abilities than less explicit tasks. Results obtained in this study indicate first that deaf participants, in particular those who use mainly a sign language to communicate, can access to graphophonological processes. Indeed, results indicate that performances are mostly above chance, contributing in this manner to the research findings that also reached similar conclusions (e.g., Alegria & Lechat, 2005; Colin et al., 2007; Dyer et al., 2003; Kyle & Harris, 2006 Narr, 2008; Spencer & Tomblin, 2008; Transler & Reitsma, 2005) . Second, our findings confirm our expectation concerning the relation between phonological processing and reading ability. Indeed, GP1 and GS1 tasks are more often correlated with reading abilities in deaf participants and in younger hearing controls. This is especially true for graphosyllabic processing where only the GS1 task was related to reading. This indicates that processes requiring a higher level of awareness are determiners in reading acquisition, especially in lower-proficiency readers. For Gombert (1992 Gombert ( , 2003 , readers not only need to acquire knowledge of correspondences between the oral and the written systems, they need to be able to manipulate explicitly linguistic segments when needed. Yet, this is most often the case at the beginning of reading acquisition when word recognition is still not automatized (Adam, 1990; Coltheart et al., 2001 , Stanovich, 1990 ). As such, deaf readers probably cannot bypass graphophonological processes, although other factors must be considered as, for example, the level of general language ability (Mayberry et al., 2011) .
Following Colin et al. (2007) , Daigle and Armand (2008) , and Daigle et al. (2010a Daigle et al. ( , 2010b , we expected deaf participants to perform less well than agematched controls. Another set of studies (Dyer et al., 2003; James et al., 2009; Kyle & Harris, 2006; Spencer & Tomblin, 2008; Sterne & Goswami, 2000; Transler et al., 2001; Transler & Reitsma, 2005) showed that deaf participants also performed less well than reading controls. Results from this present study do not quite fit these conclusions. In general, our deaf participants were less accurate than age-matched controls. However, they performed less well than reading controls only in the more demanding graphophonemic task. In fact, at the beginning of this study, responses were at chance in deaf participants in this task. In all other tasks, deaf and younger hearing participants obtained comparable scores. Only Transler et al. (2001) found that deaf participants with good oral abilities were comparable to reading controls. Because our participants were using mainly a sign language as their main communication mode, it would be surprising that they could compare to Transler' subjects (however, we did not evaluate oral abilities in this study). Only this last study had a similar methodology. Most of the others used different protocols based, mainly, on homophony in which they did not isolate specific graphophonological processes from other potential phonological processes. It seems important when studying phonological processes in deaf readers to specify which type of processes are under investigation (Nithart et al., 2009) . As stated earlier in this paper, we cannot consider as one construct processes related to phonological memory, rapid naming, phonological awareness, and graphophonological processing.
Results from response latency showed a different pattern. Indeed, in general, contrary to what was observed on accuracy, deaf participants did not differ from age-matched controls and were faster than reading controls. This is of interest because it shows the importance of taking accuracy and latency as markers of performances (Sprenger-Charolles & Sernicleas, 2003) . Very rare are the studies in deafness that have taken both variables into consideration. Our results are difficult to interpret. Response times, in this study, may not be a reliable factor for characterizing graphophonological processes in deaf readers. Instead, latencies may be considered as the consequence of reading experience and not related to a specific process. Reading experience may be more limited in deaf readers compared to age-matched controls, but it is certainly greater than in their much younger hearing peers. This may explain our results on response latency. Interestingly, in age-matched controls, the less demanding tasks may already by automatized, whereas progress is still made in more demanding tasks. This indicates that when they are explicitly asked to process the graphophonological structure of written items, older normal readers continue to improve. Other studies would be needed to consider this issue.
One of the main goals of this study was to determine whether a more demanding task would be more difficult and whether this expected difficulty would be more pronounced in deaf participants. In general, our findings indicate that accuracy is lower in more demanding tasks, as expected. This underscores the importance of considering the cognitive constraints attached to tasks when studying graphophonological processes, as has been shown in the domain of phonological awareness. Also, this pattern seems to have a greater effect in deaf participants when they have to process items at the graphemic level, also as expected. However, in the investigation of graphosyllabic processes, deaf participants seemed to find it easier to process syllabic structures of written items. In terms of accuracy, as stated earlier, deaf readers may be considered delayed, considering they performed like reading-age controls. However, they may be more than delayed if we take into consideration only more explicit graphophonemic processes. This could explain why deaf readers who were at the same level of reading abilities at Time 1 fell behind reading controls at Time 2. If this was the case, then we would have to conclude that explicit graphophonemic abilities constitute the main essential ability to be acquired in order to treat words at a sublexical level.
Another, yet not exclusive explanation, would relate to the fact that different graphophonological processes evolve differently. We could argue that syllables are more accessible than graphemes for deaf children, as seems to be the case in this study, and that it is easier to extract regularities related to syllabic structures of words over time from written material. Indeed, because written syllables can be processed through the analysis of their phonological structure or the phonological and orthographical structures, deaf children may rely more heavily on the orthographic properties of syllables to extract regularities. For example, in our graphosyllabic tasks, even if expected answers were only detectable through phonological processing, syllabic structures differed based on the presence of liquid consonants. Yet, except for double consonants, only letters L and T and their position compared to the adjacent consonant determine the syllabic structure of written items. This limited orthographic context may favor the extraction of rules, even when they are not explicitly taught in class (see, e.g., Pacton, Perruchet, Fayol, & Cleeremans, 2001 , for a discussion of implicit learning of orthographic regularities through reading experience). This would correspond also to conclusions of several studies with deaf readers in which it is argued that participants favor nonphonological processes or visuo-orthographic processes (Bélanger, Baum, & Mayberry, in press; Chincotta & Chincotta, 1996; Geers, 2003; Izzo, 2002; Merrills, Underwood, & Wood, 1994; Waters & Doehring, 1990) .
Another central objective of this study was to trace progress over a 1-year period in graphophonological processes. Deaf participants showed improvement in both type of graphophonological processes on accuracy and response latency. This is also the case for both groups of hearing peers on accuracy and response time in graphosyllabic processing. Of interest is the fact that deaf readers, who, a priori, can gain phonological knowledge through print mainly because they communicate primarily in sign language, are more efficient over time at using graphophonological processes. Conclusions from this study must be taken in favor of the potential development of phonological knowledge in deaf readers and its role in reading acquisition. This being said, other factors are inevitably contributing to reading development in deaf people.
To conclude, this study has shown the importance of graphophonological processes in deaf readers and more specifically in deaf readers who use a sign language as their first communication mode. Graphophonological processes may easier to teach to deaf pupils than phonological awareness because they can rely on written (and visual) material to construct their phonological knowledge and more specifically to understand the phonological structure that underlies written words. In addition, this study showed that not only do deaf readers use phonology in reading, but they improve at doing so over time. Future research should consider not only diverse phonological units and different tasks varying in their degree of constraint, as in this study, but also distinct phonological constructs (phonological memory, rapid naming, phonological awareness, and graphophonological processing) within the same population. Such considerations would lead to a much better understanding of phonological processing in deaf readers. Notes 1. The explicitness distinction must be considered only in relation to the nature of the task in this study. We are very well aware of the ongoing debate in research concerning what can or should be considered as implicit or explicit in reading. For example, some researchers qualify as implicit or explicit the processes involved in reading, other than the nature of the knowledge involved in the different reading processes and other than the nature of the learning or the teaching processes. This debate goes far beyond this study (see, however, Bialystok [2001] , De Keyser [2003] , Ellis [2004] , Gombert [1992] , or Paradis [2004] for a discussion of these questions).
2. The reading comprehension test of the K-ABC battery reaches ceiling at 12.5 years.
3. The ''*'' sign indicate the expected answer.
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